Background: With prolonged physical activity, it is important to maintain adequate fluid balance. The impact of consuming isotonic drinks during and after exercise on the autonomic regulation of cardiac function is unclear. This study aimed to analyze the effects of consuming an isotonic drink on heart rate variability (HRV) during and after prolonged exercise. Methods: Thirty-one young males (21.55 ± 1.89 yr) performed three different protocols (48 h interval between each stage): I) maximal exercise test to determine the load for the protocols; II) Control protocol (CP) and; III). Experimental protocol (EP). The protocols consisted of 10 min at rest with the subject in the supine position, 90 min of treadmill exercise (60% of VO 2 peak) and 60 min of rest placed in the dorsal decubitus position. No rehydration beverage consumption was allowed during CP. During EP, however, the subjects were given an isotonic solution (Gatorade, Brazil) containing carbohydrate (30 g), sodium (225 mg), chloride (210 mg) and potassium (60 mg) per 500 ml of the drink. For analysis of HRV data, time and frequency domain indices were investigated. HRV was recorded at rest (5-10 min), during exercise (25-30 min, 55-60 min and 85-90 min) and post-exercise (5-10 min, 15-20 min, 25-30 min, 40-45 min and 55-60 min).
Background
Physical activity leads to increased metabolic rate and heat production [1] , resulting in loss of water and electrolytes and glycogen depletion in the liver and muscles [1, 2] . The loss of these elements may lead to dehydration, affecting physical performance and impairing health [3] . Fluid replacement using isotonic solution may attenuate or prevent many metabolic, cardiovascular, thermoregulatory and performance perturbations [4, 5] . Moreover, according to Brouns et al., [6] and Coyle [7] , sports drinks without caffeine can help to maintain physiological homeostasis.
Another aspect of risk related to exercise is failure of cardiovascular function, especially for practitioners who exercise infrequently [8] . It is known that reduced cardiac parasympathetic regulation associated with increased sympathetic activation may trigger malignant ventricular arrhythmias, and that systemic metabolic disorders (electrolyte imbalance, hypoxia), as well as hemodynamic or neurophysiological (fluctuations in the activity of the autonomic nervous system) disorders appear to play an important role in lethal arrhythmias [9] . In addition, the physiological overload imposed on the body is enhanced when exercise is associated with dehydration. According to Carter et al., [5] , "the combination of these two factors suggests changes in the global cardiac autonomic stability".
In combination with dehydration, exercise has been shown to cause post-exercise alterations in the baroreflex control of blood pressure [10] . Charkoudian et al., [10] demonstrated that even modest hypohydration (1.6% of body weight) can blunt baroreceptor control of blood pressure and that physiological responses were not observed following an intravenous infusion of saline to restore the plasma volume after exercise in the heat.
Although it is known that changes in the cardiovascular system are caused by hydration during and after exercise, few studies have evaluated the influence of hydration on the autonomic nervous system (ANS) and none have evaluated this influence when isotonic drink is also administered during and after prolonged exercise. Our purpose, therefore, was to evaluate the effects of hydration protocols on autonomic modulation of the heart in young people during and post-exercise. We hypothesized that hydration during exercise and recovery may attenuate autonomic changes induced by exercise and accelerate recovery. To test this hypothesis, we assessed linear indices of heart rate variability (HRV) in young men with and without isotonic solution intake (Gatorade, Brazil) containing carbohydrates (30 g), sodium (225 mg), chloride (210 mg) and potassium (60 mg) per 500 ml of the drink.
Methods

Subjects
Thirty-one healthy, young male volunteers (21.5 ± 1.8 yr) were investigated. All were active according to the International Physical Activity Questionnaire -IPAQ [11] . The study group excluded: smokers, individuals on medications that would influence cardiac autonomic activity; alcoholics, individuals with cardiovascular, metabolic and/or known endocrine disorders; and those with sedentary or insufficiently or overly active lifestyles, according to IPAQ criteria. No volunteers were excluded during the course of the experiment. Every individual signed a consent letter and was informed of the procedures and objectives of the study. The study's procedures were all approved by the Research Ethics Committee of the Faculty of Science and Technology -FCT/UNESP (Number 168/2007).
Experimental design
Subjects reported to the laboratory three days per week, at an interval of 48 h between visits. An incremental test was applied during the first visit, which was performed on a treadmill (Super ATL, Inbrasport, Brazil) according to the Bruce protocol [12] . To establish the baseline, volunteers were allowed to rest in a standing position on the mat before the test began. Once the test started, verbal encouragement was used in an attempt to obtain a maximum physical effort; the test was interrupted by voluntary exhaustion. To determine oxygen consumption (VO 2 ), expired gases were analyzed using a regularly calibrated metabolic analyzer (VO2000, Medical Graphics, St. Paul, MN, USA) [13] . The VO 2 peak was taken to be the highest VO 2 achieved in the test. The HR reached at 60% of this value was used to determine the exercise intensity for the protocols, considering that gastric emptying is considerably disturbed at intensities above 70% of VO 2 peak [14] .
In subsequent visits, called control (CP) and experimental (EP) protocols, volunteers were allowed to rest in the supine position for 10 min, followed by 90 min of exercise (60% of VO 2 peak) and 60 min of recovery. Volunteers were not given any fluids to drink during CP; however, they were given an isotonic solution (Gatorade, Brazil), containing carbohydrates (30 g), sodium (225 mg), chloride (210 mg) and potassium (60 mg) per 500 ml of the drink, to consume during EP. The isotonic solution was administered in 10 equal portions at regular intervals of 15 min from the fifteenth minute of exercise until the end of the recovery. The amount of isotonic solution administered during EP was based on the difference in body weight between before and after CP. This technique indicates that 1 g reduction in body weight is equal to 1 ml of fluid reduction [15] .
For all visits, volunteers were instructed to avoid consuming caffeine 24 h before the procedures, to consume a light fruit-based meal 2 h before the tests, to have a good night's sleep (7-8 h) , to avoid strenuous physical exercise the day before the test and to be dressed in appropriate and comfortable clothing (shorts, shirt, shoes and socks) for physical exercise.
Control and experimental protocols
The protocols were performed in a room under controlled temperature (26.0 ± 2.3°C) and humidity (55.1 ± 10.4%) between 3 p.m. and 6 p.m. to avoid circadian variation. To ensure the condition of initial hydration the volunteers drank water (500 ml) 2 h before both protocols [16] . The volunteers' weight (digital scale Plenna, TIN 00139 MÁXIMA, Brazil) and height (stadiometer ES 2020 -Sanny, Brazil) were measured upon their arrival at the laboratory. The heart monitor was then strapped on each subject's thorax over the distal third of the sternum. The HR receiver (Polar Electro -S810i, Kempele, Finland) was placed on the wrist for beat-tobeat HR measurements and for HRV analysis.
HR was analyzed at the following periods: final 10 min of rest; after 30, 60 and 90 min of exercise; after 5, 10, 20, 30, 40, 50 and 60 min of recovery.
The volunteers remained at rest in the supine position for 10 min and immediately their axillary temperature (thermometer BD Thermofácil, China) was measured. Subsequently, the subjects performed a treadmill exercise (60% of VO 2 peak) for 90 min and were then allowed to rest in the supine position for 60 min for recovery. Axillary temperature was checked again immediately following exercise; the volunteers' weight was measured again at the end of the recovery period.
Urine was collected and analyzed (10 Choiceline, Roche W , Brazil) at the end of EP and after measurement of final body weight. Urine density was used as a marker for hydration level [17] .
Heart rate variability indices analysis
HRV was recorded beat-to-beat through the monitoring process (Polar Electro -S810i, Kempele, Finland) at a sampling rate of 1000 Hz. During the period of higher signal stability, an interval of 5 min was selected, and series with more than 256 RR intervals were used for analysis, [18] following digital filtering complemented by manual filtering to eliminate premature ectopic beats and artifacts. Only series with more than 95% sinus rhythm were included in the study [19] . To analyze HRV in the frequency domain, we used the low (LF) and high frequencies (HF) spectral components in normalized units (nu) and ms 2 , and the LF/HF ratio, which represents the relative value of each spectral component in relation to the total power, minus the very low frequency (VLF) components [18] . Normalizing data of the spectral analysis can be used to minimize the effects of changes in the VLF band. This is determined by dividing the power of a given component (LF or HF) by the total power spectrum, minus the VLF component and multiplied by 100 [18] .
We considered the following range: LF: 0.04 -0.15 Hz and; HR: 0.15 -0.4 Hz. The spectral analysis was calculated using the Fast Fourier Transform algorithm [20] . Analysis in the time domain was performed by means of SDNN (ms) [standard deviation of normal-to-normal RR intervals] and RMSSD (ms) [root-mean square of differences between adjacent normal RR intervals in a time interval] [18] .
HRV indices were analyzed at the following moments: M1 (final 5 min rest), M2 (25 to 30 min after exercise), M3 (55 to 60 min after exercise), M4 (85 to 90 min after exercise), M5 (5 to 10 min of recovery), M6 (15 to 20 min recovery), M7 (25 to 30 min recovery), M8 (40 to 45 min recovery) and M9 (55 to 60 min recovery). Series with more than 256 RR intervals were used for analysis (Task Force, 1996) . We used Kubios HRV version 2.0 software to analyze these indices [21] .
Statistical analysis
Gaussian distribution of the data was verified using the Shapiro-Wilks test. For comparisons between protocols (Control vs. Experimental) and moments (M1, M2, M3 and M4 during exercise and M1 vs. M5, M6, M7, M8, M9 during recovery) two-way repeated measures analysis of variance was applied, followed by the Bonferroni post-test for parametric distributions or Dunn's post-test for non-parametric data. The repeated-measures data were checked for sphericity violation using Mauchly's test and the Greenhouse-Geisser correction was conducted when sphericity was violated. Significance level was set at p < 0.05 for all tests. SPSS (version 13.0) software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. The calculation of the power of the study based on the number of subjects analyzed and a significance level of 5% (two-tailed test), guaranteed a test power higher than 80% to detect differences between the variables.
Results
The anthropometric characteristics of the subjects and their responses obtained during the incremental test are described in Table 1, while Table 2 shows data regarding body mass and temperature in CP and EP. We observed weight loss and increased body temperature in CP ( Table 2 ). The percentage of body weight loss in CP was 2.0 ± 0.6%, while in EP it was −0.2 ± 0.7%. The average consumption of isotonic solution was 1.4 ± 0.5 L in EP. The density of urine (1.018 ± 0.004) evaluated at the end of EP confirms that the volume of solution intake was sufficient to maintain the subjects at euhydrated status [17] . Figure 1 shows HR values during exercise and recovery. During exercise, we observed the effect of time (p < 0.001) on HR, however, there was no effect among protocols (p = 0.10). There was no interaction between time and protocol (p = 0.34). We noted that HR was significantly increased at 30, 60 and 90 min of exercise compared to rest, and significantly decreased at 30 min compared to 90 min in both CP and EP. In the recovery period, we observed the effects of time (p < 0.001), protocol (p = 0.008) and time and protocol interaction (p = 0.03) on HR, which suggests better recovery in the hydrated protocol. In both protocols, we noted that HR was significantly lower at rest, when compared to each minute of recovery, and after 60 min of recovery HR did not return to baseline. Figures 2 and 3 show the behavior of HRV indices in time and frequency domains, respectively, during exercise. There was a moment effect for the time domain indices (SDNN and RMSSD; p < 0.001). No effects were observed between the protocols (SDNN, p = 0.12; RMSSD, p = 0.24) and in the time and protocol interaction (SDNN, p = 0.49; RMSSD, p = 0.32). We noted that SDNN (ms) and RMSSD (ms) were significantly decreased at M2, M3 and M4 of exercise in both CP and EP compared to M1 (rest). In addition, there was a decrease in the SDNN (ms) for CP and the RMSSD (ms) in EP at M2 of exercise compared to M4 of exercise.
Likewise, we observed a moment effect in all indices in the frequency domain (p < 0.001). No effects were observed for those indices between the protocols [LF (ms 2 ), p = 0.18; HF (ms 2 ), p = 0.69; LF (nu), p = 0.47; HF (nu), p = 0.47], except for the LF/HF ratio (p = 0.04). There were no interactions between time and protocol [LF (ms 2 ), p = 0.22; HF (ms 2 ), p = 0.70, LF (nu), p = 0.56; HF (nu), p = 0.56, LF/HF, p = 0.47]. Regarding the comparison between moments, we observed that LF (ms 2 ), HF (ms 2 ) and HF (nu) were significantly higher at M1 (rest) compared to M2, M3 and M4 of exercise in both CP and EP. LF (nu) and LF/HF were significantly lower at M1 compared to M2, M3 and M4 of exercise in both CP and EP. Moreover, LF (ms 2 ) was significantly higher at M2 of exercise compared to M4 of exercise in both CP and EP, while HF (ms 2 ) was significantly higher at M2 of exercise compared to M4 of exercise in EP. of recovery compared to M1 (rest) in EP whereas it was significantly decreased at M5, M6, M7, M8 and M9 of recovery compared to M1 (rest) in CP. The effect of the protocol on RMSSD (ms) (p = 0.03) was also observed and no time and protocol interaction.
In relation to the frequency domain, time effect was observed in all indices analyzed (p < 0.001) and also the effect of the protocol on HF (nu) (p = 0.02), LF (nu) (p = 0.02) indices and LF/HF (p = 0.01) ratio. Interactions between time and protocol were observed in the LF and HF indices in normalized units (p = 0.009), suggesting better recovery in the hydrated protocol, as shown in Figures 5c and 5d . The LF (ms 2 ) index was reduced at M5 and M6 of recovery compared to M1 (rest) in both CP and EP. HF (ms 2 ) was significantly reduced at M5, M6, M7 and M8 of recovery compared to M1 (rest) in CP, while it was significantly decreased at M5 and M6 of recovery compared to M1 (rest) in EP. In relation to LF (nu), it was significantly increased at M5, M6, M7, M8 and M9 of recovery compared to M1 (rest) in CP, whereas it was significantly increased at M5 of recovery compared to M1 (rest) in EP. HF (nu) was significantly reduced at M5, M6, M7, M8 and M9 of recovery compared to M1 (rest) in CP while it was significantly lower at M5 of recovery compared to M1 (rest) in EP. LF/HF ratio was significantly higher at M5, M6, M7, M8 and M9 of recovery compared to M1 (rest) in CP and significantly increased at M5 of recovery compared to M1 (rest) in EP.
Discussion
The results obtained in the present study demonstrated that the hydration protocol, despite producing lower alterations in the HRV indices, was insufficient to significantly influence HRV indices during physical exercise. However, during the recovery period it induced significant changes in the cardiac autonomic modulation, promoting faster recovery of HRV indices.
During exercise, the analysis of RMSSD (ms) and HF (nu), which predominantly reflects the parasympathetic tone of the ANS [22] , showed higher but not significantly increased values when isotonic solution was administered. Studies indicate that factors linked to decreased vagal modulation in dehydrated individuals include attenuation of baroreceptor responses, difficulty in maintaining blood pressure and elevated levels of plasma catecholamines during exercise [10, 23, 24] . We expected that these factors may have influenced the lower values of RMSSD (ms) and HF (nu) in CP. Additionally, during exercise SNS activity predominated over vagal activity in both CP and EP. This mechanism occurs to compensate the body's demands when exposed to exercise [25] . The increase in HR due to increased metabolism is associated with reduced global HRV [26] , which was also observed in our study.
The SDNN index (ms), which reflects global variability, i.e., both vagal and sympathetic modulation [22] , was reduced during exercise. The isotonic solution intake produced a smaller, though statistically insignificant, reduction in this index. It is possible that factors leading to the reduction of vagal modulation in dehydrated individuals [10, 23, 24] influenced the SDNN (ms) responses. Reduction in global HRV is expected during exercise [27] , since it increases heart rate, stroke volume, cardiac output and systolic blood pressure, in order to supply the metabolic requirements. This mechanism may explain the LF (nu) increase during exercise, an index that is predominantly modulated by the sympathetic activity [22] , and also the LF/HF ratio increase, which expresses the sympathovagal balance [22] . According to Mendonca et al., [28] , the increase in the spectral indices suggests sympathetic activation during exercise at low and moderate intensities. Javorka et al., [29] reported similar findings -they investigated the HRV of 17 individuals subjected to 8 min of the step test at 70% maximal potency, and reported reduced SDNN (ms), RMSSD (ms) and HF and increased LF during exercise.
During exercise, as a consequence of reduced cardiac vagal activity, the reduction of global HRV is accompanied by a decrease in absolute power (ms 2 ) of the spectral components [26] . This behavior was also observed in the present study: LF (ms 2 ) and HF (ms 2 ) indices decreased during exercise compared to rest, regardless of the administration of isotonic solution. The literature indicates that both spectral indices decreased exponentially according to exercise intensity [30] . Therefore, we expected minimal changes to be observed in these indices due to the work load maintenance during exercise in our study.
Similar results for SDNN (ms) and RMSSD (ms) were observed by Casties et al. [31] , when 7 young individuals performed 3 consecutive 8 min stages at 40%, 70% and 90% of VO 2 peak. However, contrary to our findings, they showed reduced levels of LF (nu) and LF/HF and an increase in HF (nu) at all intensities. The authors believe that it was due to the mechanical effect of hyperventilation on the sinus node, as well as synchronization between heartbeats, breathing and cycling. It is possible that different types of physical exercises (intensity and duration) contributed to these conflicting results. Additionally, since the HRV was extremely low during exercise and the LF/HF ratio is calculated using the ratio of two very small values, the data obtained from this relationship may be uncertain or highly sensitive to changes in the LF and HF indices, which may account for the conflicting results.
Although not significant, HR was higher when no fluid was ingested during exercise. Hamilton et al. [32] showed an increase in HR (10%), and reduced stroke volume (15%) when subjects performed 2 h of exercise without any fluid intake. When Gatorade powder fluid was administered, HR increased to 5% and stroke volume remained unchanged. This behavior observed in our study may be related to the "cardiovascular drift" phenomenon. Cardiovascular drift is characterized by findings of decreasing stroke volume and mean arterial pressure, rising heart rate, and stable cardiac output during sustained constant-load exercise [33, 34] . A study in adults indicated that when dehydration is prevented by fluid intake, this pattern is altered, with no change in stroke volume and a progressive rise in cardiac output [33] .
When analyzed during the recovery period, the indices that reflect the predominance of vagal activity, RMSSD (ms), HF (ms 2 ) and HF (nu) presented a gradual increase and rapid recovery in approximately 25 min when the individuals were hydrated. Conversely, there was no complete recovery of these indices when the individuals were not hydrated. In addition, LF (ms 2 ) and LF (nu), which predominantly reflect sympathetic nerve activity, also recovered faster in EP, especially LF (nu), which returned to baseline levels 15 min post-exercise. In CP, although LF (ms 2 ) behavior was similar to that observed in EP, LF (nu) did not recover, suggesting sympathetic predominance in unhydrated subjects. Additionally, there was significant interaction between moments and protocols for the LF (nu) and HF (nu) indices, suggesting better post-exercise recovery in the experimental protocol.
The maintenance of volume and plasma osmolality associated with conservation of body temperature possibly influenced the recovery of HRV indices, which were evaluated in both time and frequency domains when isotonic solution was administered continuously after exercise. On the other hand, plasma hyperosmolality and increased body temperature, factors associated with hypohydration, possibly hampered the recovery of autonomic variables to baseline in CP. Hypohydration occurs during conditions of reduced intravascular volume and plasma hyperosmolarity, which trigger increased sympathetic activity and baroreflex control in order to protect against hypotension [35]. Charkoudian et al. [10] also observed that the combination of exercise and dehydration caused tachycardia and orthostatic intolerance after exercise in healthy subjects.
Changes in plasma osmolality are expected to influence baroreflex control of sympathetic nerve activity. Wenner et al., [36] , after isolating the effect of increased plasma osmolality on baroreflex control, noted that when the intravascular volume was maintained, administration of hypertonic saline (3% NaCl) increased baroreflex control of sympathetic activity in humans compared to isotonic saline solution (0.9% NaCl). Scrogin et al., [37] also demonstrated that a 1% fall in plasma osmolality resulted in a 5% decrease in sympathetic outflow. Additionally, heat stress, which is increased by exercise and hypohydration, was associated with decreased cardiac vagal modulation [24] . Finally, Crandall et al., [24] also reported that reduced parasympathetic activity and increased sympathetic activity probably contribute to the rise in HR due to hyperthermia.
According to our results, the LF/HF ratio confirms the sympathetic predominance in unhydrated subjects in the recovery period. The sympathovagal balance was lower in EP compared to CP at 15 min, indicating the recovery of this index in the hydrated condition. Yun et al., [38] reported that hydration can reduce the sympathovagal ratio by reducing sympathetic activity through modulation of baroreceptors.
The influence of hypohydration and the combined effect of hydration status and exercise performance in the heat on the ANS were also studied by Carter et al., [5] . Five euhydrated and dehydrated subjects (4% loss of body weight) were studied at rest (sitting for 45 min), during exercise (90 min on a cycle ergometer at 60% of VO 2 peak) and recovery (45 min post-exercise rest). Hypohydration reduced LF, VLF and LF/HF ratio, while HF was higher. Despite the fact that this condition positively influenced the vagal component (HF), the global reduction of HRV and attenuation in LF and HF oscillations observed post-exercise suggest a deleterious effect of dehydration on autonomic cardiac stability.
The continuous ingestion of isotonic solution, postexercise, improved HR recovery. There was significant interaction between moments and protocols for the HR, suggesting better post-exercise recovery in the experimental protocol. It is suggested that hydration decreases sympathetic activity, which probably arises from a secondary effect of vagal afferent activity increased in response to modulation of baroreceptors during gastric distension [10, 38] . This aspect may have influenced the pattern of HR response observed in this study when isotonic solution was ingested.
In the present study, no hydration also reduced global HRV after exercise. In relation to the SDNN (ms), despite presenting similar behavior in both conditions, higher values were displayed in the hydrated condition. This finding confirms the influence of hydration on post-exercise cardiac autonomic stability.
This study has some limitations. The minimum interval between the execution of control and experimental protocols was adhered to, however, some collections were completed over a period longer than a week, which may hinder the interpretation of the variables studied. Urine density was not determined at the end of the control protocol in this study, even though this might have contributed to the consolidation and interpretation of results. However, we were unable to collect urine from the subjects, as they were unable to urinate because they were not hydrated. Another important aspect refers to the use of supine rest and recovery conditions, considering that this exercise was performed in the upright position. Although we chose to compare rest and exercise in different positions, we believed that the modifications produced in the parameters during exercise were not influenced by the postural change. However, in addition to being more tolerable for the volunteer, the choice of the supine position during the recovery period has not impaired the results since the parameters were compared to a baseline, with subjects in the same position.
Considering the importance of the issue presented, other studies are in progress to evaluate the influence of water intake on cardiac autonomic modulation and cardiorespiratory parameters. Water ingestion provides rapid gastric emptying, requires no adaptation to the palatability of the solution and offers an economic alternative [39] , aspects that are important in the context of hydration during and after exercise. These studies will allow us to evaluate the influence of water intake as a rehydration drink and to compare the effects of the ingestion of isotonic solutions and water as a means of rehydration on cardiac autonomic modulation. Such studies may enrich the knowledge in exercise physiology.
